GRAIN PROTEIN CONTENT AND YIELD
INCHROMOSOME 7B RECOMBINANT SUBSTITUTION LINES
OF WHEAT (TRITICUM AESTIVUM L.)

Laura Contescu, Nicolae N. Saulescut

ABSTRACT

Increasing wheat grain concentration is desirable in a-
der to meet requirements of bread-making industry and
wheat markets, but protein concentration tends to be
negatively correlated with yield. High protein line F26-
70, created at NARDI Fundulea, wasidentified asa prom-
ising parent in breeding, having acceptable yield. We
studied the effect of chromosome 7B from F26-70 on pro-
tein content, yield, and yield components, by testing 45
recombinant substitution lines derived from the cross
Favorit//Favorit/F26-70 (7B) in 2006 and 2007, in field
trials, with and without nitrogen fertilization. Genes
located on chromosome 7B of line F26-70 had significant
effect on grain protein concentr ation and protein content
per kernel of recombinant substitution lines, but not on
grain yield, weight of 1,000 grains and number of grains
per square meter. In the conditions of our trials, protein
content was negatively associated with grain yield only in
a dry year without nitrogen fertilization. Association of
high protein content with earliness was significant in
three out of four conditions. The interaction between
RSLs and nitrogen fertilization was not significant, sug-
gesting that the high protein gene(s) on chromosome 7B
might be useful at a wide range of nitrogen availability.
Our results preliminarily suggest potential useful ness of
7B chromosome genes of F26-70 in breeding for increased
grain protein concentration, without significantly reduc-
ing grain yield. Further studies to estimate the effects of
F26-70 7B chromosome in a modern genetic background
and in more high yielding environments are necessary to
confirm thereal breeding value of this chromosome.

Key words: wheat, chromosome 7B, grain yield, grain protein
concentration.

INTRODUCTION

Grain protein concentration directly infl uences
water absorption of the flour and loaf vol-
ume (Finney et d., 1987), aswell as mixing prop-
erties of the dough, and this explains why bread-
making industry and wheat markets have definite
requirements for this trait.

The largest part of wheat grain conssts of
carbohydrates (mostly starch) and this makes

vaidion of grain yidd, as wel as vaidion of
other grain components concentration, strongly
associated with carbohydrates accumulation. Be-
cause of this associaion, grain protein concentra-
tion tends to be negatively corrdated with yied
and breaking this correlation has been a continu-
ous chalenge for wheat breeding. Breeding for
increased protein concentration is becoming n-
creasingly difficult because of limitation of nitrogen
fertilizer use, for ecologica and economicd rea-
sons (Triboi et d., 1990).

High protein line F26-70, created a the
Fundulea Inditute, was identified as a promising
parent (Cegpoiu et a., 1974). Brunori et d.
(1980) stated that F26-70 could contribute high
protein genes without having the relativy amdl
gran of Atlas 66. In ther sudies, F26-70 was
among the entries for which the high contents of
nitrogen per seed was considered to have resulted
from high rates and/or long duration of nitrogen
deposition, or a combination of the two processes
(Brunori et d., 1980).

Genetic control of grain protein concentration
proved to be complex, mgor and minor genes on
many chromosomes affecting this trait. Giura and
Ittu (1986), and Giura et d. (1986) found a Sg-
nificant effect of chrombsome 7B of F26-70 on
grain protein concentration.

This paper presents data on grain protein
concentration, yield and yidd rdaed trats in
chromosome 7B recombinant subdtitution lines
(RSL59), tested inyield trids & two levels of nitro-
gen avalability.

MATERIAL AND METHODS

Forty five recombinant subdituion lines
(RSLs), derived from the cross between the inter-
vaietd subdtitution line for chromosome 7B (Fa-
vorit/F26-70 7B) and the recipient parent Favorit,
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were planted in yidd trids organized by the
Wheat Breeding laboratory of the Nationa Agri-
adtura Research and Devedopment Inditute
(NARDI) a Fundulea, Romania, on chernozem
soil, in 2006 and 2007.

The RSLs were obtained and kindly pro-
vided by Dr. Aurd Giura from the Genetics and
Cytogenetics Laboratory of NARDI. A random:
ized blocks design with 3 reps was used, with
harvested plots of 5n?. Double plots were used
for each line, one with usud nitrogen fetilization
(200 kg/ha NH;NOs) and the other without nitro-
gen fertilization.

Climatic conditions were very different during
the two tegting years and according to nitrogen
avalability, as reflected by the grain yield and pro-
tein concentration, averaged over dl RSLs (Table
1).

Table 1. General characterization of the testing

conditions
Average | Average | Character-
Specification grain | protein con- | istic of the
yied centration year
2006 — with N fer- 385 1394
- Normal
tilizer .
) growing
2006 — without N 358 1303 -
- conditions
fertilizer
2007 — with N fer- 207 13.86
tilizer
Very dry
2007 — without N 193 1256
fertilizer

Heading date, grain yidd and thousand ker-
nels weight (TKW) were recorded, and grain
protein concentration was determined using a Per-
ten Inframatic infrared andyzer. Protein cortent
per kernel was computed from protein concentra-
tion and TKW data. Number of kemels per
square meter was estimated from yield and TKW
data.

Data wee andyzed usng three-way
ANOVA mixed model with RSLs and ntrogen
fertilization as fixed and Y ears as a random factor
(Snedecor and Cochran, 1965). Accordingly, F
tedts for dgnificance were made againg the inter-
action with years for RLSs ard nitrogen fetiliza-
tion dfects, agang the triple interaction for the

interaction RLSs x ritrogen fertilization and againgt
error for the effect of Years and the rest of inter-
actions. Correlation analysis was used to estimate
relationship between traits.

RESULTS AND DISCUSSION

Recombination for chromosome 7B genes
induced sgnificant variation of grain protein con
centration among RSLs, as shown by ANOVA
results in Table 2. The effect of nitrogen fertiliza:
tion on protein  concentration was not sgnificant,
probably because of contrasting weather condi-
tions in the two years of testing. Year's effect on
grain protein concentration was close to sgnifi-
cance, while dl nteractions were smal and not
ggnificant.

Table 2. ANOVA for grain protein concentration in
7B recombinant substitution lines

i‘;ﬁ;‘;ﬁo‘:‘f ss o | MS | F P
RS_s 55.59 4 1.26| 6.88| <0.05%
N fetilization 55.14 1| 5514|3114 >10%
RSLs*N 12.82 44 029 0.76| >50%
Years 361 1 361 376 >5%
RSLs*Y 808 44 0.18[ 0.19| >50%
N*Y 177 1 1.77] 184 >10%
RSLS*N*Y 16.82 4 038 040 >50%
Error 34560 360 0.96

Fvaluesin bold are significant at P<5%

The effect of the 7B chromosome on grain
protein concentration has been previoudy de
scribed by Konzak (1977), Giuraand Ittu (1986),
Giura et d. (1986) and Giura (2003). Based on
andysis carried out using ditelosomic lines of Chi-
nese Spring, Barneix et d. (1998) and Fatta et d.
(2000) suggested that a mgor gene, important for
N trardocation into grains, is present on chromo-
some am 7BS.

Lack of sgnificant interaction between RSLs
and both years and nitrogen fertilizetion siggests
that the effect of 7B chromasome genes on grain
protein concentration can be detected under a
wide range of westher conditions and nitrogen
availability.
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Vaiation for grain yield anong 7B recombi-
nant subgtitution lines was smdl and not significant
(Table 3). Only the effect of the years was highly
sgnificant, the effect of nitrogen fertilization and all
interactions being not Sgnificant.

This suggedts that, in the conditions of our
tests, genes on chromosome 7B of cultivar F26-
70 have a grong influence on protein concentra:
tion more or less independently of environment,
while ther effect on yidd is negligible.

The vaiation of gran sze, as described by
TKW, was not sgnificantly influenced by sayrega:

Protein content per kernel was significantly
influenced by segregation of genes on 7B chromo-
some, by N fertilization and by the years (Table
5). None of the interactions were sgnificant.

The vaiaion of the number of kernes per
square meter among 7B recombinant subgtitution
lines was not sgnificant, while the effects of both
N fertilization and weather conditions were highly
sgnificant (Table 6).

Table 5. ANOVA for protein content per kernel in 7B
recombinant substitution lines

tion of genes on chromasome 7B or by nitrogen Source of
fertilization (Table 4). Significant TKW variation vaiation | S | 9| MS | F P
was only produced by the wegther conditions of RSLs 1295| 44| 029 | 3.45| <005%
the testing years and by the differential response Nfertilization | 1002| 1| 1002 [332.67] <%
of the RILs to these conditions. RSLS*N 161 44| o0os| os2| 5%
o , Years 5438 1| 5438 (727.80| <0.05%
Table 3. ANOVA for grainyield in 7B recombinant sub-
stitutionlines RSLs*Y 3755 4 0.09 1.14 >25%
N*Y 003 1| 003| 040| >50%
Sourceofvaia oo |y | ys | F p RSLS*N*Y | 197| 44| 004 | 060 >50%
tion Error 2690| 360 007
RSLs 368| 44) 008 088 >50% F-valuesin bold are significant at P<5%
N fertilization 190 1| 190| 1130 >25%
RSLs*N 223| 44| 005 113 >25%
Years 13266| 1| 132.66| 829.15 <0.05% Table 6. ANOVA for number of kernels per square meter
RSLs*Y 416| 44! 009 059 >50% in 7B recombinant substitutionlines
N*Y 017| 1| 047| 105 >25%
Source of df M = =
RSLS*N*Y 197| 44| 004 028 >50% variation S5 S
Error | 5760] 60| 0.16 RSLs 318739429 44| 7244078 093 >504
Fvaluesin bold are significant at P<5%
N fertilization | 62696855 1[6269685.5 23.97<0.05%
RSLs*N 15848643.6 44| 3601964 1.36 >10%
Table 4. ANOVA for TKW in 7B recombinant
substitution lines Years 413131010  1[413131010 634.32<0.05%
RSLs*Y 34320074.6 44| 7800017 119 >10%
Source of
vaiation | S || MS| F P N*Y 261519.6 1| 261519 040 >50%
RLs 23857| 44| 5421 017 >50% RSLs*N*Y  |11633553.8 44| 2643989 0.41] >50%
N fertilization 26.14 1| 26.14 0.82 >25% Error 2344670657 360| 6512974
RSLs*N 2544| 44| 058 002| >50% F-valuesin bold are significant at P<5%
Years 26758| 1|2675.8 5445.98 | <0.05%
RSLs'Y 17521) 44| 393  8.10 |<0.05% Significant carelations among protein con-
N*Y 056 1] 056 113| >25% centrations recorded in the contrasting @viron-
RSLS*N*Y 3124 44| 071 145| >10% menta conditions of the two years of study and
Error 176.88| 360| 049 two levels of nitrogenavailability, dsoillusraie the

Fvaluesin bold are significant at P<5%

low G x E interaction. In contrast, correlation co-
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efficients among environments for yidd were not
sgnificant, with the exception of the year 2007,
when the corredation between yields obtained with
and wit hout fertilizationwas sgnificant (Table 7).
Table 7. Correlations among environments for grain
yield (above the diagonal) and for grain protein content

(below the diagonal)
2006 - with N 1 0.28 -010 | 006
2006 - without N | 0.72 1 -014 | 002
2007 - with N 0.57 0.67 1 0.47
2007 - without N | 0.54 0.58 0.35 1

The rdaionship yield — protein concertration
is paticularly interesting (Figure 1 and Table 8).
Contrary to the known strong negtive rddion
ship found in mogt studies (Triboi et d., 1990;

Triboi and Triboi- Blondel, 2002), segr egetion for
geneson chromosome 7B of F26-70 produced
vaiation of gran protein concentration that was
corrdlated with grain yield variation only in 2007
a low nitrogen availahility. One possible explana
tion of this exception isthat in avery dry year and
without fertilization, nitrogen availability was limit-
ing both for yiedd and protein accumulation in the
gran.

Lack of the usud negative corrdation ke
tween grain yied and protein concentration in the
grains might be due to reatively low yidds e
corded in our trids, cused by the low yieding
potential of the recurrent parent Favorit, by lodg
ing and by unfavourable dimetic conditions. How-
ever, in the same conditions, the usua negative
correlation yidd - % protein was present in other
trials, where cultivars or breeding lines were com:
pared (data not shown).
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Figure 1. Relationship grain yield—grain protein concentration in recombinant substitution lines
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from the cross Favorit // Favorit/F26-70(7B)

Table8. Correlation between grain protein concentration
and grainyield in 7B recombinant
substitution lines

With nitrogen Without nitrogen
Year
fertilizer fertilizer
2006 -0.27 0.03
2007 -0.26 -0.67

Further studies to estimate the effects of
F26-70 7B chromosome in a modern lodgng re-
sistant genetic background and in more high yied-
ing environments are necessary before the red

vaue of this chromosome in breeding for higher
protein concentrations can be established.
Reaionship of grain protein concentration
and yield with other measured traits is ilustrated
by the corrdation coefficients in table 9. Heading
date was sgnificantly associated with protein con-
centration in the grains in three of the four envi-
ronments of our study. In prdiminary tests with
fifteen RSLs from the sare cross, Giura (2003)
aso found that protein content was associated
with earliness. This asodiation is interesting for
breeding, because earliness is a desirable trait in
dry and hot years, common in South Romania

Table9. Correlation between grain protein concentration, grain yield and other traits
in 7B recombinant substitution lines

Grain protein concentration Grainyield
Specification With nitrogen Without N With nitrogen Without N
fertilization fertilization fertilization fertilization
Heading date 2006 -0.463 0.394 -0.320 0.119
2007 -0.005 0.364 -0100 -0.051
TKW 2006 0.009 -0.214 0.119 0.204
2007 -0.439 -0.001 0.228 0.137
Protein content/kernel 2006 0.653 0.198 -0.090 -0.081
2007 0.899 0.706 -0.180 -0.268
Number of kemels/nf 2006 -0.253 -0.127 0.860 0.847
2007 -0124 0.665 0.942 0.935

Yield was negatively associated with earli-
ness only in 2007 with nitrogen fertilization, in a
higher yidding environment that might have fa-
voured later heading lines.

Weight of 1000 kernels was not correlated
with yidd and was sgnificantly and negetively a&-
sociated with protein concentration only in one of
the four testing environrments.

Protein content per kernel showed a close
sgnificant corrdation with protein concentrationin
most conditions, but was not corrdated with grain
yidd.

Egtimated number of grains per square meter
drongly corrdated with grain yidd in dl environ
ments, but the correlation with protein concentra-
tion was sgnificant only in 2007 without nitrogen
fertilizaion, the same environment that showed a

negative ggnificant correlation between protein
concentration and yield.

CONCLUSIONS

Genes located on chromosome 7B of line
F26-70 had dgnificat effects on gran protein
concentration of recombinant subgtitution lines,
but not on grain yield and yidld components.

In most conditions of our trids, protein con-
tent was not negatively associated with grain yield,
a dgnificant correlaion being dserved only in a
dry year, a low nitrogenavaidbility.

Association of high protein content  with
earliness was sgnificant in three out of four condi-
tions of our experiment.

The interaction between RSLs and nitrogen
fertilization was not sgnificant, suggesting thet the
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high protein gene(s) on chromosome 7B might be
useful & awide range of nitrogenavailahility.

Results prdiminarily suggest potentia useful-
ness of 7B chromosome genes of F26-70 in
breeding for increased grain protein concertration
without ggnificantly reducing grain yied. Further
dudies to edimate the effects of F26-70 7B
chromosome in a modern genetic background and
in more high yidding environments are necessary
to confirm thered breeding vaue of this chromo-
some.
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